In the early 1970s, the heaviest known isotopes had proton and neutron numbers near Z~106 and N~158. The experimental trends in nuclear stability indicated that with increasing Z and N, spontaneous fission (SF) would dominate the decay, resulting in ever-decreasing half-lives. However, according to the superheavy element (SHE) predictions, 1 closed proton and neutron shells near Z=114 and N=184 should result in increased stability.
of bombarding Pb or Bi target nuclei to produce heavy compound nuclei at low excitation energies. Standard extrapolations of these production cross sections indicate that large increases in beam currents will be needed to approach production rates of one atom per month.
However, the recent predictions of Smolañczuk 6 indicate that the cold fusion of projectiles near 86 Kr with 208 Pb or 209 Bi targets should lead to relatively large SHE production rates. According to his calculations, the 208 Pb ( 86 Kr, 1n) 293 118 reaction should proceed with a cross section of 670 pb. In addition, Smolañczuk predicted that these SHE isotopes would decay by a rapid series of high-energy α-particles. The predicted decay properties of 293 118 and the resulting daughter activities are presented in Table 1 .
Based on these predictions, we searched for SHE production in the interaction of 86 Kr projectiles with 208 Pb targets using the recently completed Berkeley Gas-filled Separator 7 (BGS) at the 88-Inch Cyclotron of the Lawrence Berkeley National Laboratory (LBNL). Results from these first experiments have been published. 8 A schematic of the BGS is presented in Figure 1 . The 86 Kr 19+ beam was produced in the Advanced Electron Cyclotron Resonance Source 9 and accelerated by the 88-Inch Cyclotron to an energy of 459 MeV (∆E = 2.3 MeV FWHM). During the experiments, the beam current averaged 0.3 particle microAmperes (2.0 × 10 12 ions/s). At the BGS, the beam first passed through a 0.1 mg/cm 2 carbon vacuum window before entering the 1.0 torr He gas filling the BGS. The Kr beam then passed through the 208 Pb targets mounted at the periphery of a 14-inch diameter rotating wheel positioned 0.5 cm downstream of the vacuum window. The targets consisted of 300−400 µg/cm 2 208 Pb metal evaporated onto the downstream side of 40 µg/cm 2 carbon foils. The Pb layer was covered by an additional 10 µg/cm 2 layer of carbon to prevent sputtering of the 208 Pb and to aid in the blackbody radiation cooling of the targets. The 86 Kr energy at the center of the 208 Pb target material was 449 MeV. 10 The compound nucleus evaporation residues (EVRs) recoiled out of the target at near the beam momentum (EEVR = 131 MeV). Upon passing through the He gas, the EVRs experience many charge-changing collisions, leading to a well-defined average charge state. This average charge state is nearly proportional to the EVR velocity, resulting in large a large charge and velocity acceptance in the BGS. The EVRs then passed through a verticallyfocusing quadrupole magnet, a 25°dipole magnet with a strong horizontally focusing field gradient, and a 45°flat-field Pb reaction, according to Smolañczuk's predictions of relatively large production rates. Three decay chains, each consisting of an implanted heavy ion, followed by a rapid (ms) succession of high-energy (> 10 MeV) alpha-particle decays were detected. These chains are consistent with the production and decay of element 118 with mass number 293. These results a) show experimental evidence for the existence of shell-stabilized superheavy elements, b) provide experimental values for refinement of nuclear mass models in the superheavy element region, and, most importantly, c) present a "new" reaction pathway for the production of superheavy elements.
Superheavy Elements with the Berkeley Gas-Filled Separator Reviews dipole magnet before entering the detector chamber. Other nuclear reaction products, unreacted beam, and scattered beam particles take on a lower magnet rigidity in the He gas, and are directed toward the beamstop along the upper edge of the vacuum chamber shown in Figure 1 . The efficiency of the BGS for focusing element 118 EVRs onto the focal plane detector was estimated by measuring the α-decay of Po EVRs from a 86 Kr + 116 Cd test reaction, and comparing with the expected Po production rates. 11 This efficiency agrees well with Monte Carlo simulations of ion trajectories through the separator.
Upon entering the detector chamber, the EVRs passed through a parallel plate avalanche counter 12 (PPAC) where time and position were recorded. The Si-strip focal plane detector was located 30 cm downstream of the PPAC. This Sistrip detector was an 80 mm wide × 35 mm high and was divided into 16 vertical strips. Along each of these strips, the vertical position was measured by resistive charge division. The energy and position resolution of the Si-strip detector were determined using implanted recoil atoms from a 86 Kr + 116 Cd test reaction. The energy resolution for 5−9 MeV α particles was 30 keV FWHM, and the position resolution in the vertical direction was ± 0.58 mm. Directly behind the focal plane detector was a second Si-strip punch-through detector, used to reject particles passing through the focal plane detector. Events registering signals in both the Si-strip focal plane detector and either the PPAC or punch-through detector were interpreted as reaction products passing through the separator, while events leaving only a signal in the Si-strip detector were assumed to be decays of nuclei previously implanted in the Sistrip detector. The focal plane detector had a calculated efficiency of 60% for detection of full-energy 12-MeV α-particles from nuclei implanted to a depth of 14 µm. The other 40% of the time, α particles escape out the front of the detector, "escape alphas", depositing a partial energy (1.5 ≤ E(MeV) ≤ 4.0). For both the focal plane detector and the punchthrough detector, the energy, position and time of all events were recorded. The Si strip detector events were recorded over two amplifier gain settings: a low-energy setting covering 0.5−15 MeV, and a high-energy setting covering energies up to 200 MeV.
Two separate 86 Kr +
208
Pb experiments were carried out. In the first experiment, the overall rate of events registering greater than 0.5 MeV in the focal plane detector was 50 s −1 . In this experiment, a 5 cm × 5 cm Si-strip detector (which did not cover the entire focal plane detector) was used as the punchthrough detector. The integrated beam flux for this
Improvements to the beamstop within the BGS reduced the overall count rate in the Si-strip focal plane detector to less than 20 s −1 . The low-energy spectrum recorded in the focal plane detector for the entire second experiment is presented in Figure 2 . Figure 2(a) contains the ungated spectrum. Figure  2(b) shows the remaining events after applying a veto based on all events recorded in the PPAC. Figure 2(c) includes the additional sensitivity of applying a veto for all events registering in the punchthrough detector. are members of a single decay chain. The detection rate for α-particles with 4.0 ≤ E(MeV) ≤ 13.0 was 0.5 s −1 . Three decay chains were observed, each consisting of an implanted heavy ion recoil (with implantation energies consistent with that expected for an element 118 recoil) correlated in position and time with chains of 6 to 7 subsequent α-particle decays. This corresponds to a production cross section of 2.2 pb. The observed correlation chains are shown in Figure 3 , interpreted as the decay of 293 118. The first two chains were observed in the first experiment, and the third was observed in the second experiment. For the third chain, we have indicated that the α-decay of the 293 118 was not detected because it occurred during the 120 µs dead time of the acquisition system while recording the recoil implantation event.
An analysis of the positions of the members of each chain was carried out. The FWHM position resolution for EVR-α correlations was 0.58 mm. It was assumed that the position resolution for correlations between pairs of escape alphas is the same, and for pairs of full energy α-particles it is half as large. From this, the 1-sigma position resolutions for the event types were calculated: σ recoil = 0.230 mm, σ α = 0.087 mm, and σ escape = 0.174 mm. The weighted average and the reduced Χ 2 for the positions in each chain were calculated, and are presented in Figure 4 . The large Χ 2 for the second chain results from the error in determining the positions near the bottom of the strip. (The positions were determined by comparing the pulseheights from the top of the strips with the total pulse height. At a 3.5 mm vertical position, the signal for escape alphas measured at the top of the strip is as small as 1% of the full scale values for the amplifier and ADC.)
During the entire experiment, one additional chain was recorded, which could possibly be interpreted as being due to the implantation and decay of an atom of 293 118. It occurred in strip 14 during the first experiment. A recoil implantation event was recorded, followed 190 µs later by a 12.0-MeV α particle, then followed 936 µs later by a 11.4-MeV α particle, then followed at 1.125 ms, 1.740 ms, 1.503 ms, and 13.879 s later by escape alpha events, with energies of 1.3, 3.1, 2.3, and 1.2 MeV, respectively. The vertical positions (in mm) in strip 14 of the implantation, the two α events, and the four escapes were: 18.3, 18.6, 18.5, 19.1, 19.4, 19.3, and 19.8. Since strip 14 was not backed by the punchthrough detector in the first experiment, we cannot be sure of the validity of the escape alpha events. In fact, the positions of the escape events are significantly different from those for the recoil and the full energy alphas. We have therefore decided not to include this chain in any analysis of decay properties or cross section.
Based on the sequences shown in Figure 3 , the half-lives of the decay chain members were calculated. 13 These half-lives are presented together with the calculated α-decay hindrance factors based on α-decay systematics for unhindered transitions 14 in Table 2 , showing that the observed α-transitions have hindrance factors in the range expected for odd-N nuclei.
The observation of long decay chains of rapid, high-energy α-particles indicate the formation of SHE, as there are no know nuclei that could exhibit a similar decay pattern. The energies of the observed α-particles agree well with the predictions of Smolañcuk, supporting the proposed Z and A assignments. Statistical model considerations suggest that the ratio Γ n /Γ α is be proportional to exp{-[S n -(B α -Q α )]/T}, where S n is the neutron separation energy, B α is the Coulomb barrier for α emission, Q α is the energy released in removing an α particle from the nucleus, and T is the nuclear temperature. Substituting appropriate values for the binding energies 6 and barriers 15 gives Γ n /Γ α~ 60 and similarly, Γ n /Γ p ~ 200, indicating that neutron emission is the most probable deexcitation path. Since the excitation energy of the compound nucleus is 13 MeV, 6 emission of two particles (i.e., 2n, αn, or pn, etc.) is energetically forbidden. In addition, extrapolation of the Q α values from known isotopes of Hs and Sg to neutron numbers at the ends of our chains indicate that deexcitation by α emission is extremely unlikely. Therefore, while other assignments are not absolutely ruled out, we are confident in the assignment of these chains to the decay of 293 118.
In Figure 5 , we compare our measured α particle energies with predictions of several modern nuclear mass models. The best agreement with our observations is obtained with Smolañczuk's prediction. The finite range droplet model 16 pb cross section, while it than 300 times smaller than that predicted by Smolañczuk, is orders of magnitude larger than expected from extrapolations from cold fusion reactions with lighter projectiles. 4 This relatively large cross section may be explained by the idea of "unshielded fusion" 20 where with heavier projectiles, the optimal bombarding energy for the 1n deexcitatoin channel is above the Coulomb barrier so that the Coulomb barrier is no longer the first thing stopping the fusion process. 
